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Introduction	
	
	
The	Coherent	X-ray	Imaging	(CXI)	instrument	makes	use	of	the	unique	
brilliant	hard	X-ray	pulses	from	the	Linac	Coherent	Light	Source	(LCLS)	
to	perform	a	wide	variety	of	experiments	utilizing	various	techniques.	
The	primary	capability	of	CXI	is	to	make	use	of	the	high	peak	power	of	
the	focused	X-ray	beam	using	the	diffraction-before-destruction	
method.	This	technique	prevents	damage	to	a	sample	during	the	
measurement	by	performing	the	measurement	faster	than	the	damage	
or	destruction	process	with	ultra	short	pulses.	
	
	
	
	
	
	
	
	
	
	
	
	
Figure	1:	Slac	National	Acceleration	Laboratories	Aerial	View	and	LCLS	Layout	
	
Hydrogen	has	a	notably	complex	phase	diagram,	and	its	application	is	
important	to	many	scientific	fields.	This	project	presents	spectrally	
resolved	x-ray	scattering	assessment	from	plasmons	in	dynamic	
compressed	deuterium.	Collaborating	Compton	scattering	and	velocity	
interferometry,	we	can	measure	shock	pressure	and	mass	density,	
which	allowed	us	to	extract	ionization	state	as	a	function	of	
compression.	The	onset	of	ionization	show	molecular	dissociation,	
suggesting	hydrogen	transitions	from	a	molecular	and	insulating	fluid	
to	a	conducting	state	without	going	through	an	intermediate	atomic	
phase.		
Experiment	Design	and	Timing	
	
	
	
	
	
	
	
	
	
	
	
	
	
Figure	2:	Experimental	Setup	
	
(a)	The	copper	target	is	held	at	19K,	liquefying	the	deuterium	that	is	filled	
into	the	central	cavity.	A	drive	laser	is	incident	on	a	2-mm-diameter	AI	
pusher,	launching	a	shock	wave	along	the	axis.	X-rays	scattered	in	the	
forward	and	backward	directions	are	spectrally	dispersed	with	highly	
oriented	pyrolytic	graphite	(HOPG)	crystals	whose	direct	view	of	the	
laser-plasma	is	prevented	by	Ni	shields.	
	
(b)	Cross	section	reservoir	across	the	thickness	of	the	target.	
	
	
	
	
	
	
	
	
	
	
	
	
Figure	3:		Experimental	Timing	
	
(c)	Schematic	of	laser	beam	timing	showing	the	shock	drive	beam	(red)	of	
2-6	ns	preceding	a	2-ns	probe	pulse.	The	probe	is	delayed	by	20-10	ns,	
depending	on	drive	intensity,	to	allow	the	shock	front	to	advance	into	the	
x-ray	spectrometer	view.	
	
(d)	HYDRA	simulations	of	mass	density	evolving	as	space	and	time	
function	,	with	a	lineout	at	the	x-ray	probe	time	of	20	ns.	
	
	
	
	
	
	
	
Results	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Figure	4	|	Reflectivity	and	conductivity	from	DFT-MD	simulation	
	
(a)	Reflectivity	along	the	principal	Hugoniot	curve	for	808	nm	from	the	
experiments	of	Celliers	et	al.	(black	diamonds)	and	DFT-MD	
calculations	in	this	work	(solid	black	line).	Reflectivity	for	532	nm	from	
the	experiments	of	Loubeyre	et	al.	in	hydrogen	(red	dots)	and	
deuterium	(red	triangles)	and	DFT-MD	calculations	in	this	work	(solid	
red	line).		
(b)	Dynamic	electrical	conductivity	at	the	five	experimental	points	for	
which	the	thermodynamics	states	along	the	principal	Hugoniot	curve	
are	given	in	the	legend.		
Future	Works	
This	work	demonstrates	the	viability	of	combining	x-ray	spectroscopic	
and	optical	velocities	measurements	to	make	detailed	inferences	into	
the	electronic	states	of	a	variety	of	materials	compressed	to	pressures	
relevant	to	planetary	science.	We	expect	these	results	to	lead	to	an	
unprecedented	exploration	of	the	high-pressure	structure	of	hydrogen	
and	allow	experimental	determination	of	such	properties	as	interior	
temperature	profiles	and	core	erosion	in	giant	planets.		
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